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Abstract 
The aim of science education is to help students to understand scientific knowledge and to develop students' ability of the 
scientific approach to enquiry. The science process skills, along with the knowledge those skills produce are the instructional 
objectives of Malaysian science education. This paper describes the development and validation of a Test of Integrated Process 
skill, a paper-and-pencil objective test that has been developed specific to the science content defined in the Malaysian primary 
school science curriculum. The test is used to measure acquisition in the processes of science. The test assesses performance on a 
set of integrated science processes associated with planning investigations. They include formulating hypotheses, operationally 
defining variable, identifying and controlling variables as well as interpreting data. Science process skills are not subject specific. 
However, these skills operate in conjunction with specific knowledge. Test items were developed so as to be suitable for use with 
specific knowledge and contain conceptual materials on science as well as requiring the application of component integrated 
process skills. The Test of Integrated Science Process (TISP) consisted of 30 multiple choice items. Evidence of content validity, 
construct validity, and reliability are presented. This test with sound psychometric properties will be useful in evaluating the 
progress in the learning of integrated science process skills in primary school level in Malaysia. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
 In the 21st century, the world scenario is mainly transformed by rapid science and technological 
advancement (Osman et al., 2009) and it is not possible to have students to grasp all the information in any of the 
disciplines. The knowledge that the world society has accumulated is improving and increasing so fast as a result of 
testing of new ideas around the world (Karsli et al., 2009) so that it is necessary to teach people how they can reach 
the knowledge instead of teaching all knowledge in educational system. In this respect, the place of scientific 
process skills (SPS) is very important in teaching ways of reaching knowledge and has become an important aim in 
science education. Educational purpose by teaching the children these skills will also help them to grow as 
individuals capable of not only accessing to information but understanding information as well (Bati et al.,2009). On 
this account, SPS learning has become an important component of science curricula at all level in many countries 
and has also become one of the recent approaches regarding giving science education more efficiently to the 
children. In Malaysia, explicit teaching of the SPS was emphasis during the nationwide science curriculum review in 
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the year 2002 for both primary and secondary schools (Ministry of Education, 2001). Therefore, the development of 
the curricula which emphasize the process of science created a need for the development of reliable and valid 
instruments capable of evaluating achievement in these skills.  
 Assessment using hands-on procedure to determine SPS acquisition by group of students deem most 
appropriate. In the Malaysian school science, this is being implemented by the practical work, which is known as 
PEKA,  to  assess  students’  acquisition  of  the  skills.  The  PEKA  assess  more  nearly  actual  samples  of  the  kind  of  
behaviour in the integrated SPS. However, evaluation of the skills requires a trained observer and individual testing, 
which pose a problem of time management for the classroom. Besides, the problem of using such procedure can be a 
burdensome task to teachers as it is common to have 40 to 50 or so students per class during the science lesson in 
the classroom. The question of reliability and validity of such big scale of assessment also is of big concern. 
 There are a number of paper-and-pencil test have been developed to assess SPS for elementary and 
secondary students. Among of them are test developed by Walbesser, 1965;  Dietz and George, 1970; Riley, 1972; 
McLeod, Berkheimer, Fyfee and Robinson, 1975; Ludeman, 1975 and Moliter and George, 1976. Then other tests 
that were not curriculum specific were developed by Molitor and George (1976) and Tannenbaun (1968). The Test 
of Integrated Process Skills (TIPS) by Dillashaw and Okey (1980) for a non-curriculum specific process skills test 
was developed for middle and secondary students. Burns, Okey & Wise (1985) revised the TIPS and developed 
TIPS II to measure five components of integrated process skills, which are identifying variables, identifying and 
stating hypotheses, operationally defining, designing investigation and graphing and interpreting data. In Malaysia, a 
study conducted by Ismail (1998) on the primary pupils by using translated TIPS II to Malay language showed that 
acquisition of integrated SPS was not satisfactory. In a similar study, Razak (1997) found that less than 40% of the 
primary school pupils showed mastery in the integrated SPS. This may be a result of the component of the item 
being unsuitable to the Malaysian primary school pupils. Even thought SPS are not subject specific, however, these 
skills operate in conjunction with specific knowledge. There has to be task, some information to be absorbed or a 
problem to solve so that these skills can be applied. It is not valid to assess process skills in tasks which require 
conceptual understanding not available to the student (Harlen, 1999). So that it is important to assess process skills 
only in relation to content where the conceptual understanding will not be an obstacle to using process skills. In all 
cases the assessment of skills is influenced not only by the ability to use the skill but also by knowledge of and 
familiarity with the subject-matter with which the skills are used.  
 Ong et al., (2006) has developed a test to assess acquisition of SPS for secondary school students in 
Malaysia. However this test is not suitable to assess the acquisition of primary school pupils since it is specific to the 
science content of secondary school science curriculum. With this in mind, the TISP develop in this study is 
purposely to be specific to the science content defined in the Malaysian primary school science curriculum. The 
items in this test contain conceptual materials on science as well as requiring the application of component of 
integrated SPS. The objective of the test is the evaluation of SPS that are related to the science content. The research 
reported here is an attempt to develop a multiple choice test of the integrated processes of science. Reliability and 
time efficiency are the primary reason for such a test. However, a primary consideration must be validity. The test 
score must provide an accurate assessment of the student’s ability to perform the process in question successfully. 
 
2. Methodology  
 
Items were based on the Malaysian science curriculum for primary schools.  Items of integrated SPS selected for 
testing are those associated with planning investigations. They include formulating hypotheses, identifying and 
controlling variables, operationally defining variable, interpreting data as well as design suitable experiment. 
Besides assessing application of integrated SPS, answering test items also required conceptual understanding of 
science content as well. The construct being measured is confounded by knowledge of science content. An initial 
draft of the TISP consisted of 30 multiple-choice items. Multiple opportunities were provided to demonstrate 
competency  for  each  process.  The  test  was  to  be  suitable  for  group  administration  within  40  minutes.  As  such,  
response format, reading level, and item context were important consideration. For the purpose of content 
validation, two experts reviewed the initial test draft. The numbers of item for each component of integrated SPS are 
listed in Table 1. 
 
144  Edy Hafi zan Mohd Shahali and Lilia Halim / Procedia Social and Behavioral Sciences 9 (2010) 142–146
Table 1 : Number of items for each component of integrated process 
 
 Process Skills   Item Number  Number of Items 
 
 Formulating Hypotheses   5,6,8,11,15,17,25   7 
 Controlling Variables   2,3,16,19,21,27,29   7 
 Defining Operationally  4,7,10,22,23   5 
 Interpreting Data   13,14,20,24,26,28,30   7 
 Design Experiment   1,9,12,18    4 
 
The  preliminary  version  of  the  TISP  was  pilot  tested  on  101  of  Year  Six  primary  school  pupils  from  a  primary  
school in Kuala Lumpur. These pupils have learned SPS in the science lesson for six years since Year One. The 
pupils were given 40 minutes to complete the test. Data collected was also used to investigate test reliability and 
validity. The reliability for the test was provided for by the use of index coefficient of Cronbach Alpha. Item indices 
were examined for the purpose of item revision. Item analysis was performed in order to determine item difficulty 
and discrimination. Item with correlation above 0.30 were considered to have a satisfactory power of discrimination. 
 
3. Results (Findings)  
 
The mean and standard deviation for all pupils on the 30 items were 16.69 and 5.47 respectively. Score range from 0 
to 30. 
 
Table 2 : Descriptive statistic of the test and its component skills 
_____________________________________________________________________________________________________ 
  Formulating Controlling Defining  Interpreting Designing          Total 
  Hypotheses Variables  Operationally Data   Experiment       Test 
 
N  101  101  101  101  101           101  
Range  7  7  5  7  4           25 
Minimum  0  0  0  0  0           5 
Maximum  7  7  5  7  4           30 
Mean  3.45  4.39  2.32  4.21  2.34           16.69 
Standard  1.51  1.58  1.39  1.63  1.14           5.47 
Deviation 
Skewness  0.187  -0.414  0.047  -0.287  -0.203           0.047 
____________________________________________________________________________________________________ 
 
Reliabilities for the total test and subtests, using Cronbach’s Alpha are listed in Table 3. Total test reliability was 
measured at 0.808. 
 
Table 3 : Subtest reliabilities 
                __________________________________________________________ 
Subtest   Number of Items  Reliability 
 __________________________________________________________ 
Formulating Hypotheses  7  0.343 
Controlling Variables   7  0.539 
Defining Operationally  5  0.508 
Interpreting Data    7  0.495 
Designing Experiment  4  0.397 
Total Test    30  0.808 
__________________________________________________________ 
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Correlations between subtests and total test were computed and shown in Table 4. 
 
Table 4 : Correlation between subtests and total test 
_____________________________________________________________________________________ 
   Formulating      Controlling          Defining     Interpreting Designing      Total 
   Hypothesis         Variables             Operationally      Data   Experiment   Test 
 
Formulating Hypothesis             0.473**        0.328**      0.476**       0.400**      0.721** 
Controlling Variables  0.473**                   0.489**      0.521**        0.536**      0.811**  
Defining Operationally 0.328**            0.489**        0.452**        0.498**      0.725** 
Interpreting Data  0.476**              0.521**        0.452**          0.403**      0.779** 
Designing Experiment 0.400**              0.536**        0.498**               0.403**               0.721** 
Total Test   0.721**              0.811**        0.725**               0.779** 0.721**  
 
** Correlation is significant at the .01 level (2-tailed) 
 
Indices of item difficulty and item discrimination were computed and shown in Table 5. 
 
 
Table 5 : Item indices of the tests items 
_________________________________________________________________________________________________ 
Item         Item   Item   Item        Item   Item  
Number         Discrimination  Difficulty (%) Number        Discrimination  Difficulty (%) 
_________________________________________________________________________________________________ 
8  0.033  25.00  20  0.400  53.33 
16  0.367  28.33  7  0.500  55.00 
10  0.233  31.60  28  0.667  56.67 
29  0.433  31.60  6  0.633  58.33 
23  0.233  35.00  9  0.433  58.33 
4  0.567  35.00  19  0.766  58.33 
25  0.333  36.67  27  0.467  60.00 
15  0.400  36.67  24  0.566  65.00 
17  0.533  40.00  3  0.567  65.00 
14  0.330  43.30  5  0.467  66.67 
11  0.367  45.00  13  0.200  66.67 
18  0.500  45.00  30  0.667  66.67 
26  0.700  48.33  1  0.433  68.33 
12  0.500  51.60  21  0.467  73.33 
22  0.800  53.33  2  0.400  76.70 
      Mean  0.466  51.17 
________________________________________________________________________________________________ 
 
The item difficulty indices range from 25.00% (the easiest item, that is item 8) to 76.70% (the most difficult item, 
that is item 2). Even thought 50% is the ideal difficulty indices, however the difficulty indices from 20% to 80% can 
be used to retain the items in a test.  The items discrimination indices has a smaller range; between 0.033 (item 8) to 
0.800 (item 22). Item 8 have the smallest item discrimination which is 0.033, so that this item is not appropriate to 
differentiate between high achiever and low achievers pupils. However 26 of the 30 items have item discrimination 
> 0.3 which is appropriate for the purpose of the test. 
 
An analysis of the options chosen by students is shown in Table 6. 
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Table 6 : Analysis of response of students 
 
 
  Option       Option 
Item A B C D Omit Item A B C D               Omit_ 
1 10 77* 13 1 0 16 24 27* 35 15 0 
2 80* 15 3 3 0 17 23 16 57* 5 0 
3 9 6 9 77* 0 18 18 17 17 49* 0 
4 50 33* 14 4 0 19 17 10 2 72* 0 
5 15 5 75* 6 0 20 39* 12 33 17 0 
6 4 15 67* 15 0 21 8 6 5 82*         0 
7 17 57* 21 6 0 22 10 16 9 66* 0 
8 34 26 5 35* 1 23 42 8 13 38* 0 
9 3 41 51* 6 0 24 80* 6 9 6 0 
10 37 25 31* 8 0 25 40 35* 22 4 0 
11 42* 19 18 22 0 26 8 57* 25 11 0 
12 19 54* 19 9 0 27 61* 17 13 10 0 
13 6 9 76* 10 0 28 53* 8 28 12 0 
14 37 45* 16 3 0 29 21 26 20 34* 0 
15 19 36* 10 36 0 30 78* 4 13 6 0____ 
 
The distracters ‘A’ in item 4, 10, 23, 25 and  ‘C’ in item 16 have attracted the response from most of the pupils.  
These five items need to be review and rewrite for its intended purpose. 
 
4.0 Conclusion 
 
The intent of this paper is to develop an instrument to measure integrated SPS achievement with reference to the 
Malaysian primary school science curriculum. The TISP constructed seem to be a reasonably good measure of 
integrated SPS which is necessary in conducting scientific investigations. Findings from the analysis showed that 
improvement is still needed for five of the test items to ensure instrument is reliable and useful. This instrument may 
be limited in its usage as it is specific to the Malaysian primary school science curriculum. The findings also reflect 
the pupil’s acquisition in the integrated SPS in the content area of science.  
 
References 
 
Bati, K., Erturk, G., & Kaptan, F. (2009). The awareness level of pre-school education teachers regarding science process skill. Procedia Social 
and Behavioral Sciences 2 (2010), 1993-1999. 
Burns,  J.  C.,  Okey,  J.  R.,  &  Wise,  K.  C.  (1985).  Development  of  an  integrated  process  skill  test:  TIPS  II.  Journal of Research in Science 
Teaching, 22, 169-177. 
Dillashaw, F. G. & Okey, J. R. (1980). Test of integrated science process skills for secondary  students. Science Education, 64, 6001-608. 
Harlen, W. (1999). Purpose and procedures for assessing process skills. Assessment in Education, 6(1), 129-135. 
Ismail, Z. (1998). Penguasaan kemahiran proses sains pelajar sekolah rendah dan menengah. Jurnal Kurikulum, 1, 109-120. 
Karsli, F., Yaman, F., & Ayas, A. (2009). Prospective chemistry teachers’ competency of evaluation of chemical experiments in terms of science 
process skills. Procedia Social and Behavioral Sciences, 2 (2010), 778–781. 
Ministry of Education Malaysia (2001). Science Syllabus for Integrated Curriculum for Primary School. Curriculum Development Centre. 
Molitor, L. L., & George, K. D. (1976). Development of a test of science process skills. Journal of Research in Science Teaching, 13, 405-412. 
Osman, K., Hamid, S. H. A., & Hassan, A. (2009). Standard setting: inserting domain of the 21st century thinking skills into the existing science 
curriculum in Malaysia. Procedia Social and Behavioral Sciences, 1 (2009), 2573–2577. 
Ong, S. L., Ismail, Z., & Fong, S. F. (2006). Development and validation of test for integrated science processes. Proceeding of 3rd International 
Conference on Measurement and Evaluation in Education, 149-156.  
Padilla, M. J., & Okey, J. R. (1980). Test of the integrated science process skills for secondary science students. Science Education, 64(5), 601-
608. 
Razak, N. A. (1997). Status dan cabaran penguasaan kemahiran saintifik di dalam pengajaran dan pembelajaran sains di sekolah rendah di Pulau 
Pinang. Prosiding Pusat Perkembangan Kurikulum, Kementerian Pendidikan Malaysia, 2, 95-147. 
Tannenbaum, R. S. (1971). Development of the test of science processes. Journal of Research in Science Teaching, 8(2), 123-136. 
 
